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Synopsis: Budcsonide' is a non hdogenated glucoconicosierjid wh^ 
to possess a hMi ratio of topical to svstemic activity compared with a number oj rcjcrcr.ee 
corticosteroids such as beclvmcihasone dipropionute. jlunisoltde. and tr^nanolon: ucc- 
tonide. It appears to undergo extensive first-pass metabolism to mstahxites of minimal 
activity which accounts for the tow level of systemic acttuty. 

The majority of therapeutic trials in asthma have been oj short term duration and hay 
demonstrated that conventional doses cf inhaled budcsonide (200 to 800 H&W) *»f ^ 
chmctkasone cii propionate (4C0 to 800 rg/day) are of simitar efficacy in b-Jtb adults era 
children « ith moderate to severe asthma. Other studies have compered high doses of in- 
haled budcsonidc (400 to 3200 Mg/day in 4 divided doses) with both alternate day (7.5 to 
60mg) and dailv (7.5 to 40mg) oral prednisone in patients with severe cr unstable asth.na. 
In the small number of such trials to date, inhaled budesonide was superior to F^rusone 
with respect to ihe foci of asthma control and the lesser influence on adrenal function. 
Long term open studies have similarly shown that intuited budesontde can be grciUatiy 
substituted for oral prednisone in steroid-dependent patients, often with a concomitant 
improvement tn pulmonary function and asthma control 

Intranazci budesonide (200 to 4C0 ag/day) relieres nasat symptoms in patterns him 
seasonal allergic perennial allergic and vasomotor rhinitis. In compamrx studies m 
patients with seasonal rhinitis it has been shown to be of simitar efficacy as MmnaJtt 
Jlunisolide and intranasal bectomcthasone dipropionate and superior to intranasal sodium 
cromoglxrate (cromolyn sodium) and ihe antihistamine dexchlorpheniramine. 

Following inhalation, the most commonly reported side effects have been tamitmM 
dvsphonia end sore throat while after intranasal administration the most frequent averse 
reactions have been nasal stinging, throat irritation, dry nose and slight nasal fce« 
At usual dosages, both formulations of budesontde appear to hare little or no efcet on 
adrenal function. 
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- Ttius. at this stage in its devefopnent budesonide has beat shown to offer an effective 
alternative to oral or other inhaled corticosteroids in the management of asthma and 
rhinitis. However, its relative efficacy and tolerability during long term use. compared with 
fcciomethasane dipropionate. remains to be dvified. 

. Pharmacol) namic Studies: In animals budesonide has a high ratio of topical to sys- 
temic activity compared with reference cortico^eroids such as bed u methadone dipro- 
pionate, flunisolide and triamcinolone acetonidc. la nun* budvsonide was shown to have 
1.6 lo 3 times greater local anti-inflammatory activity using a skin vasoconstriction assay, 
and between 2 and 4 times less systemic activity than bedomethasone dipropionate. The 
reduction in systemic potency in healthy va!uniacrs should augur well for the citnical 
usefulness of budesonide. and trials in patients with asthma have not reveaicd any sig- 
nificant di (Terences between conventional doses of budesonide and beclomcthajcne ui- 
propionate. In practice, tisual doses of inhaled or intranasal budesonide have cayscii only 
minimr.! cfcans-js in nypoih?Jami£-pitut:.*!ry-adrr^?.! (HPA) r-jr.;;:;j:i. al:h^i:jh a Jt.*:- 
response relationship with plasm* Cortisol enncenirations has been documented. Wheti 
inhaled therapy was substituted for oral prednisolone there was a gradual increase in 
plasma Cortisol concentrations, highlighting the lower adrenal suppressive activity of bu- 
desonide compared with oral steroid. 

Even after single dose?. ini:ah"J budesonide produced a rapid improvement m pul- 
monary function in patients with asthma, characterised by a dos>r;sponse relationship 
with peak expiratory tlow raw. A rivided daily refimca gave a more pronounced an'J 
!or.,:Ia*tin- increase in lung function at a reduced total daily dosage compared with ri 
single daily dose. 

The mechanism of action of budesonide, lite that for other glucocorticoids, remain.!; 
obscure. Mov.ovcr. it has bc:n noted that as Ions as prctrr.it men; was sufficiently Ion*, 
inhaled buciesonidc inhibited both ;ae immediate and late reactions provoked by bron- 
chial alienor, ciiailcage, Similarly. intranasal buccsonicc inhibited the lyiw 1 -mediated 
immediate nasal reaction and this may be related to suppression of histamine release in 
nasal biopsy sampler in vitro. 

Following intranasal administration of budesonide for up to ! year in patients with 
rhinitis, no adverse morphoU.^cai changes in the nasal muvov: occurred. However, no 
studies evaluating the histological characteristics cf the bronchial mucosa after inhaled 
budesonide have been reported. 

Pharmacokinetic Studies: In man. peak plarrr.r concentrations cf uncharged b-JtV:- 
sonide occurred within 1 hour of inhalation and approximately 3 hours after oral inges- 
tion, thus reflecting the ranid rate of absorption from the lung. Systemic bioavailability 
was calculated to be 10.7% after oral administration, with evidcv.ee cf extensive firs'. - 
pass metabolism. 

The volume of distribution of budesonide i& comparatively lcr?c G01L). which is 
indicative of wide tissue distribution. Budesonide h?s been shown to '„ c extensively hound 
to plasma protrins (So-J^o) with ne^lijublc cindir.-; to transconin. The relatively siiort 
elimination half-life (approximately 2 hours) ar^ high plasma clearance (33.7 L/hour) 
highlight the rapid systemic diminution of hiicesar*idc. In vitro ttuuic* have corroborated 
the involvement of the liver in the ranio biotrar'crrnation of budesonide: 2 major me- 
tabolites with minimal activity have been isolated and identified. Only irace amount:, of 
budesonide are excreted unchanged ia the urine. 

Therapeutic Trials: The majority of clinical tri-tis with inhaled budctcniile have been 
crossover studies designed to evaluate the effectiveness of different d-jsagc regimens, or 
its comparative efficacy with that of inhaled bedomethasone dipropionate. Most were 
of short duration (2 to 4 weeks) snd. when pes*-; expiratory Row rate was measured, 
demonstrated a dose-response relationship over a wide range of inhaled dosages 1. 100 to 
1600 jig/day :a divided doses) in patients wiA moderately severe and severe (steroid 
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dependent) asthma. The dose-response relationship was maintained whether budesonide 
was administered twice or 4 times daily. 

In short term comparative trials inhaled budesonide (400 to 3200 eg/day in 4 divided 
doses) was found to be superior to alternate-day oral prednisone (7.5 to 60mg) in patient* 
with moderate to severe asthma, and was able to produce as effective control of unstable 
asthma as dai!y or?l prednisone (7.5 to 40mg once daily), in wis Utter stuuy, at doses 
producing equivalent control of the asthmatic condition, inhaled budcsoniJc had sig- 
nificantly less effect on adrenal function. In other comparative trials, inliated budesonide 
(200 to S00 *rg/day) was of approximately equal efficacy as inlwivd co;loinc;aasonc tii- 
propionate (400 to SCO prJdzy) in both adults and children with asthma. I;; long term 
open trials gradual substitution of inhaled budesonide for oral steroid has often resulted 
in an improvement in pulmonary function and asthma control Oral steroid dcir.r,c was 
usually markedly decreased during budesonide administration and 1600 /ig/day of ir.. 
haled budesonide reduced n:ean oral prednisone usa^c by halt 

Intranasal budesonide lias been used in the treatment of seasonal allergic, perennial 
anergic -nd vcsymcicr rhinitii. In r.c.wrnl rhinitis doses of 2C0 to 400 «i/day were 
significantly better than placebo in relieving nasal symptoms and reducing the need for 
supplemental antialicrgy medication, bu: had no effect on eye symptoms. In patients 
with seasonal allergic thiniti*. intranasal budesonide was as effective as intranasal bcclo- 
methasone dipropionatc and intranasal flurusolidc, and significantly superior ;o both 
intunasul sodium (.Tuincfclycatc and the oral antihistamine dracnViphcniramine. Short 
term comparisons in patients with rcrennial rhinttK with or without cn aiier?.ic com- 
poncnt have shown budesonide to be significantly better than place be in removing t ;asal 
symptoms when doses of 200 to 400 jig/day were administered. In Song tern ojicn tiiah 
in patients with perennial rhinitis, intranasal budescaide (200 to 400 ;i£/day) has con- 
sistently produced a signirtcam reduction in ail nasal >yropiGau with a Ion- incidence of 
milti and transient side effects. 

In patients with nasal polyposis, budesonide was significantly more effective thaa 
placebo in reducing total symptom scores and increasing nasal peak flow razes, while 
rhinoscopy revealed a distinct decrease in nasal congestion, a decrease in pcl>p size. 2nd 
a signiacans reduction in the number of polyps. However. ov.iy 10 patU:tts received ;h? 
active drug in this study and a well-designed trial in a greater aumbor of patients is 
required to confirm the usefulness of intranasal budesonide ia this condition. 

Side Effects: Generally, budesonide has been well tolcracd ami few trials have re- 
ported adverse reactions associated with treatment. However, the majority cf 'hese stud- 
ies have been of short term duration (2 to 4 weeks). Lonser u*nn trials in greater numbers 
of patients are required to fuily evaluate the tolerabilily of ludesonide. 

Using the inhaled preparation, the most commonly reported side efforts have been 
oropharyngeal candidiasis, hoarseness and sore throat as is also the case with ot!:<f in- 
haled corticosteroids. The reported incidence of candidiasis varied wideiy among stcuici. 
but was reduced by using a spacing device or by revcrtin?; to a less frequent dosing 
regimen. Gradual substitution of inhaled b-idcsonide for orsl prednisolone resulted in ? 
number of side eiTects such as hoarseness, sore throat, arthra&a. myalgia, rxaccrbnucn 
of eczema and pulmonary ecsinophilia and sarcoidosis, which can all be explained \r. 
terms of a local reaction or arc indicative rfsysttnuc conicostcroid withdrswai. Admin- 
istration of inhaled budesonide. up to SCO *ig/day, appears to have a minimal effect on 
adrenal function as assessed by basal plasma Cortisol conccnuaticn* .-nd their increase 
after tetracosactrin stimulation. Nevertheless, during substitution of inhaled budesonide 
for oral corticosteroid, recovery of hypoihalamk-pituiury-ndrcnd integrity can ia*c up 
to 12 months after long term oral steroid ihctapy. and it is essential to take 5pcciai care 
during this period. . . 

IntMnasul budesonide has been well tolerated, and in both long and short tcrrr. t.i-* 
in patients with rhinitis the most common side effects have been local reactions such as 
nasal stinging, throat irritation, dry nose and nasal Weeding. In comparative studies. 
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intranasal budesonide has produced fewer adverse effects than the antihistamine dev 
chlorphcniramine. significantly !css nasal irri union than fluniiolidc. and equivalent in- 
cidences of minor transient reactions as intranasal beclomethasonc diprupioiutc and 
in:ranasal sodium crcmog!ycate. No evidence of adrenal suppression has been reported 
with this formulation. 

Dosage and Administration: The inhaled dose of budesonide for th? treatment nf 
asthma in adult; should be individualised. The recommended initia* de*se is 400 to 1600 
ng/day divided into 2 or 4 administrations. The maintenance dose is usually 200 to 400 
pg/day - using the lowest dose thai leaves the patient symptom free. In children wit!: 
asthma the recommended dose is 200 to 400 *?.'day. divided into 2 or 4 administrations. 

In the treatment of rhinitis th£ recommended dosage is 100u& (2 actuations oi* 50«5 
each) into each nostril morning ?.nd evening (400 jig/day). TItis dosage can be halved 
once a good response has been achieved. 



L Pharmacodynamic Studies 

Budesonide is a non-halogenatcd glucocortico- 
steroid which is structurally related to 16a- 
hydroxyprcdnisolonc (Thaicn and Brallsand, 1979) 
[ftg. 1J. The drug is a 1 : I mixture of 2 cpimers. 
designated 22R and 22S (Ahcrne et ai., 1932; Roth 
ci aL 1980; Thden and Sratisand, 1979; Wikby ct 
aL 1978), which were initially considered to have 
similar pharmacological activity. However, more 
recent evidence suegests that the 22R cpimer is 2 
to 3 times more po;cnt than the 225 cpimer and 
has a different pharmacokinetic profile. The clinical 
usefulness of inhaled and intranasal corticosteroids 
in the treatment of asthma and rhinitis is well ac- 
cepted but their exact mechanism of action re- 
mains to be established. A high ratio of local anti- 
inflammatory to systemic activity appears to be an 
important indicator relating therapeutic efficacy to 
systemic tolcrability, and the increased ratio for 
budesonide compared with othei glucocorticoids 
might be expected to ofTcr an advantage in this 
regard. 

1-1 Topical and Systemic Glucocorticoid 
Activity 

Using the human skin vasoconstriction assay to 
estimate local anti-inflammatory activity, bude- 
sonide was more potent than the 5 other cortico- 
steroids investigated (Johansson et aU 1982c) [fig. 



2]. Employing the same lest, budesonide has been 
shown to be as active as betamethasone dipto- 
pionate and more potent than betamethasone val- 
erate, desonide, ilunisolidc, hyurocotiisono buty- 
ratc and the accionides cf fiuocinolonc. prcd- 
nacinolone and triamcinolone (RrausanJ et r.L 
19S2cd; Gruvstad and Bcngtsson, I9S0; Johans- 
scn et aL !932a,b). A cotr.nai isor. bcuvcen bude- 
sonide and its 2 epimcrs indicated an order of top- 
ical activity of 22R > budesonide > 22S, with the 
22R epimcr approximately twice as po:ent as the 
22S earner mrattsand ct al.', 1982c). Compared 
with bcdcmCihasone dipropiqtuv.e, budesonide has 
been shown to be approximately 1.6 to 3 times 
more active when applied topically (Johansson et 
aL i9$2b t c>. 

The sysxeue glucocorticoid activity of bude- 
sonide, as determined by changes in plasma cor- 
tiso! and total or differential white blcod cell count 
in healthy volunteers, was 2 to 4 lirr.es less thnn 
that of bcciorr.eihasor.c diproptonaic following orr.l 
administration, and it was also significantly less ac- 
tive after inhalation - although the disomy be- 
tween the 2 drugs was less pronounced (Jchan^sou 
ct aL 19»2c. LOibahl ci al., i*:S4) [fig. 3]. I-ollow- 
inga single intravenous infusion of 'W-buuesonicJe 
SOfyg to 6 healthy male volunteers, total white 
blood cell count and lymphocyte count wore trr.iv> 
iently decreased, while the neutrophil count was 
increased after 4 hours (Ryrfcldt et al., 1984). 
During the 8-hour study, the eosinophil count 
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Fi.j. t. Stttrttrurai ror.-nuiao of Ifrt-hydroxycrodnisoJone and bu- 
dosomoe in Us 2 eptmeric forms. 

wa; reduced from 135 to IM/mm 1 after placebo 
and from 246 to 77/mm* after budcsonide, but 
there were no statistically significant differences 
bciwcen the 2 groups. In contrast, plasma Cortisol 
concentrations were sliahtly but significantly (p < 
0.05) suppressed 4 and S hours after budcsonide 
administration compared with placebo values. In 
a comparison with ova! prednisolone, the systemic 
potency (as assessed by depression of plasma Cor- 
tisol) of l.omg of inhaled budcsonide was equiv- 



alent to 5mg of oral steroid, while 3.2mg of inhaled 
budcsonide was approximately 2 times more po- 
tent than 5mg of oral prednisolone (Johansson cl 
aU 1982b). 

Animal studies confirm the increased ratio of 
topical ;o systemic activity of budcsonide com- 
pared with a number of glucocorticoids such ns be- 
clcmethaaonc di propionate* ftunisondc, tluoci no- 
lone acctonidc, and triamcinolone acctonidc 
(Drattsand ct al, 19S2b,c,d; Thaleo and Brattsand, 
1979; Thalen ct aL, 19S4). Using 2 recently devel- 
oped model assessing local anti-inflammatory ac- 
tivity in the lung, budcsonide instilled imratn- 
chcally or given by inhalation ccup.tcractcrt -he 
pathophysiological changes (bronchial and inter- 
stitial infiltration of eosinophils and mononuclear 
cells) associated with the intratracheal administra- 
tion of 'Sephadex* beads (Bra'tsar.d et al., 198?). 
Furthermore, local administration of budcsonide 
produced a time-dependent inhibition of brndy kin- 
induced inflammation in hamsu:r cheek pouchc* 
(Svjnsjo and Roempke, 19G4). In addition, budc- 
sonide and us 2 epiir.crs have teen shown to have 
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if inhaled J a htsn affinity for the glucocorticoid receptor in rat 

more n C . : skc i, t M muscle and this closely correlated with high 

ansson et ' topical glucocorticoid activity in rivo (Dahlberg ct 

j sL 1984). 

i ratio of 

Jdc com- ? 1.2 Effect on Hacmatologicai Parameters 

itch as be- . 
Huocino- * Svstemic prednisone produces an increase in 
accionidc blood neutrophils and a decrease in biood baso- 

Brattsand, < phils, eosinophils and lymphocytes within 4 to 8 
itly devel- hours of intravenous administration to nealthy 

natorv ac- ! volunteers (Saavcdra-Delgado et al., 19S0). These 
1 inlratra- » effects have generally returned to. or are returning 
ractcd the | to, normal within 24 houn, and a similar transient 
and inter- • lymphopenia has been noted following oral adtnin- 
,nonuclcar ! istration of prednisone to stercid-dependent asth- 
dminictra- i malic paticnis (Chiang ct aL v 1980). 
al., 1983). In healthy subjects, single doses (200, S00 and 

mdesonide ! 3200>xg) of inhaled budesonidc and bedometha- 
fbradykin- I sone dipropienatc decreased the number of 
•k pouches ; lymphocytes and eosinophils and increased the 
lion, budc- number of neutrophils, without significantly ai- 

wn to have j feeling the number of monocytes (Johansson eial. t 
| 1932c). The 2 drugs were also given orally (2, 4 
I and 8mg), and in both studies bcclomethasone di- 
S propionate had a significantly greater effect on the 
j white cell response than did budesonidc. 
j In con;rast to these findings in volunteers, treat- 
i meni with aerosol budesonidc (2C0/ig twice daily) 
! for 4 weeks did not significantly alter any of the 
hacmatoloztcal parameters measured in patients 
with chronic asthma (Willcy ct al.. 1922). Simi- 
larly, an equal daily dose of bcclomethasone di- 
propionate !G0»*g 4 times a day did not affeci the 
majority of parameters measured, although there 
j was a tendency (p > 0.05 < 0.1) to increase total 
I white cell count and a small but significant reduc- 
: tioa (p < 0.05) in the number of neutrophils. Fur- 
ther studies in patients with asthma have shown 
} lhat neither inhaled budesonide 400 to 3200 jig/ 
day nor oral prednisone 7.5 to 60mg on alternate 
I days significantly altered the total blood eosinophil 
! count compared with a base.; ae of bedonwthasone 
dipropionale SCO Mg/day alone or combined with 
prednisone (I5mg on alternate morningi) in ster- 
oid-dependent patients (unpublished data on tile. 
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Fig. 3. Plasma cwtisal (area unfer ttv» curve) in haanir/ sub- 
jects after oral airrorstnaion {n = 8) aru? innaiaiian (n » i£) o( 
budesonide O and beeffimethaseno ^propionate H Offer Jo- 
hansson et 3L. 1932c). 



Astra). However, a dosc-dcpcndcnl reduction in 
total biood eosinophils in patients wiih asthma was 
reported by Toogood et zL (1932b). although sig- 
nificant suppression was only observed when in- 
haled doses of budesonidc were relatively hi$h - 
800 and 1600 *tg/day in pauents dependent and not 
dependent upon oral prednisone, respectively. 

1.3 Effect on Adrenal Function 

Resting early morning plasma Cortisol concen- 
trations, and those after tetracosacirin (synthetic 
ACTH) stimulation, provide useful information 
concerning to stttr cf tfcr hvpcthn<arr.ir.niiuiiary- 
adrcnal (HPA) axis in asthmatic patients (Webb. 
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I9S3). Significant reductions in plasma Cortisol 
have seldom been observed using usual inhaled 
doses of beclomcthasone dipropionatc and beta- 
methasone valerate (Stilish Thoracic and Tuber- 
culosis Association, 1975), flunisolidc (Spanglcr et 
al. t 1979) or triamcinolone acctonidc (Bernstein ct 
aL 1932). Of the inhuL-d ccniccids, fcecJometha- 
sonc dipropionate has been the most extensively 
studied, and in 2 recent reviews (Drogdcn. 1933a; 
Broaden ct al., 1984) daily doses of 4G0 to 2G00Mg 
have been shown to cause some adrenal suppres- 
sion in adult patients. In the majority of trials there 
has been a general improvement in adrenal func- 
tion following the substitution of inhale bcclo- 
mcthasone dipropionate for oral steroids, espe- 
cially when oral treatment was on a once daily 
schedule. Recently, however, a less marked or no 
improvement has been observed following change- 
over from alternate day oral steroids to inhaled bc- 
clomcihuscnc dipropionate (Toogood, 1979; Wyau 
et al., 197S). 

As noted previously (section l.S), budesonide 
administered or?fly and by inhalation was signifi- 
cantly loss potent than equal do:es of bcclomctha- 
sene dipropionate in lowering plasma Cortisol con- 
centrations in healthy subjects (fig. 3). Greatly 
increased inhaled doses of budesonide (24C0, 4800 
and 72C0 j*s/day) and bec!omethr3onc dipropion- 
atc (1500, 3000 and 4500 M3/day) both produced a 
dose-dependent decrease in morning serum Corti- 
sol concentrations in 12 healthy volunteers (Lof- 
daiil et aL. 1984). The dose-response curves ran 
parallel, and the results indicate that inhaled bu- 
desonide. at these high doses, posscscos only 60% 
of the relative systemic activity of ipnaicd beclo- 
inethasonc dipropionate. In patients with asthma, 
however, little or no adrenal suppression was noted 
with usual dosages of the 2 steroids ( Ejorkander c: 
al.. 1932; Willcy ct eL 1982), and at nigh dosages 
both budesonide (1600 pg/day) and bcclometha- 
sone dipropionate (15CO Mg/da>) produced similar 
reductions of morning plasma Cortisol (Ebden and 
Da vies, 1934). In these studies, neither drug af- 
fected the Cortisol response to tetracosactrin stimu- 
lation. Substitution of inhaled budesonide (up to a 
mean of 1060 Mg/day) for oral prednisolone in 30 



steroid-dependent severely asthmatic patients over 
a period of 1 vear induced a concomitant increase 
in plasma Cortisol concentrations; this highlights 
the lower adrenal suppressive action of budesonide 
compared with oral prednisolone (Rosen hall ct a!., 
19S2b). . 

In a short term trial (2-wcek crossover), inhaled 
budesonide dosages of 400, SCO and iCCG jig/day 
were compared in 34 chronic asthmatics and a dose- 
dependent decrease in scrum Cortisol was observed 
(Toogocd et aL 1982b). The reduction in serut.i 
Cortisol was significantly different from baseline 
values at doses of 800 and 16C0 jcg/d&y in pred- 
nisonc-dependtm patients but only ct ?. daily dos- 
age of 16GDji£ in patients not depends at on pred- 
nisone. It was also noted l\:zi morr»ir.g-only 
treatment with high doses of budesonide tended to 
conserve hypothahmic-pituitary-ad renal (HPA) 
responsiveness but at the cost of a slight reduction 
in efficacy. In a similar study, a significant decease 
in scrum Cortisol was only revealed at a daily bu- 
desonide dose of 3200*ig in prednisone users and 
no significant suppression of srruoi Cortisol was 
documented for non-prcdnicone users at daily bu- 
desonide doses of 400 to 1 600/tg (unpublished data 
on file, Astra). 

The Cortisol response lo tetraccsacirin stimu- 
lation in 7 asthrraric children was r.onnnl after 4 
weeks* treatment with aerosol huuescnids 400 pi! 
day (Henrilucn and DahK 1953). Similaily, in 27 
children with severe csthma requiring inhaiud ster- 
oid therapy, neither budesonidj (sOO pg/day) nor 
beclcmeihsscr.c dipropior.L'.e (4CG mp/^-X) signifi- 
cantly altered basal Cortisol concentrations or the 
response to tetracosactrin stimulation after. 4 wcrki* 
therapy (Field ctaL 19S2). More recently, 24-hour 
urinary cortisoi excretion was not significantly 
changed in 12 asthmatic children treated with :n- 
haicd Dudcu>r«:dc (4C0 ps/caj with a spacer) for 3 
weeks (Henri ksen. 1984). 

Intranasal budesonide 50 to ECO ^g/day, used in 
the treatment of perennial or seasonal rhinitis for 
periods of 2 weeks to I year (section 4), did not 
suppress adrenal function as indicated by a lack of 
change in scrum Cortisol (Balle ci aL 1 980; 
Lindqvist et aL 1932, 1933; Malm et aL 1981: 
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Norman ct ah, 1984; Stcensen and Undqvist, 19SI), 
the response of plasma Cortisol to teirueosacirin 
stimulation (Balle, 19S2; Lindqvist ct ah, 1982, 
1953; Kpfcom 2nd Bcrge, 1983). or in the excretion 
of urinary 17-hydroxycorticosteroids (Norman et 
aU 1934). 

1.4 Effect on Antigen-Induced Reactions 

Many factors relating to the pathogenesis of 
asthma can be explained in terms of the known 
biological activity of mast cell-derived mediators, 
whether they are released as a result of specific IgE/ 
allergen interactions or as the result of nonspecific 
mechanisms (Kay. 1983). It has been suggested that 
the events associated with bionchial obstruction 
may be divided into 3 stages; a rapid spasmogenic 
phase, a late sustained phase and a subacutc/chronic 
inflammatory phase. 

MA Effect on Bronchial Allergen Challenge 
\ Early studies with beclomcthasone diprcpionate 
j and sodium cromoglycatc (cromolyn sodium) in- 
! dicatcd that whereas the latter agent in doses of 20 
| to 40mg inhibited both the immediate and delayed 
| types of asthmatic reaction, only the late reaction 
J was prevented by beclomethasone dipropionatc 
1 (Brttlin e; aL, 1973; Fcpys ct aL, 1974). !n a more 
I recent study, however, it has been shown that 1 
week's presentment with beclomcthasone dipro- 
\ pionatc (400 or 800 pg/day) by pressurised aerosol 
or dry powder inhalation inhibited the immediate 
55thrr.r.::c reaction induced by appropriate antigen 
j challenge in approximately 50% of asthmatic 
! patients (Burec. 1982). 

: The effects of budesonide on the "dual* allergen- 
induced asthmatic response have been reported in 
3 clinical trials (Dahl and Johansson, 19S2b,r, Tiv- 
enius et aL 1982). In the most comprehensive study 
(Oahl and Johansson. 1982c). both the immediate 
and delayed responses to bronchial allergen chal- 
lenge were evaluated after 12 hours. I week and 1 
month of pretrcatment with inhaled budesonide 
*f>S. 4). The immediate asthmatic reaction (as in- 
dicated by percentage fall in peak expiratory How 

• rate* was increasingly reduced by the longer pe- 



riods of budesonide pretreatmcnL whereas the at- 
tenuation cf the late allergic reaction was less af- 
fected by duration of therapy because of the almost 
complete blocking of this response during shoit 
term treatment. 

)AA Effect on Nasal Allergen Challenge 
Initial studies with beclomethasone dipropion- 
atc 200*ig suggested that the immediate reaction ;o 
nasal allergen challense was not inhibited by brief 
periods (up to 2 dv/s) cf intranasal pretrratment 
(Pelikan and Felikac-Filipek, 19S2). However, 
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Fig. 4. Comparison cf various periods oS budesor.irtc orntrest- 
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values (after Ca»d and Jenamson, 1982). 
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longer periods of prctreatmcnt (! week) have shown 
a clear inhibitory effect on po!!cr.-induccd allergic 
type I reactions, as indicated by inhibition of nasal 
blockage (Vilsvik et al. t 1975). 

Beth placebo ar.d bi!d?:cr.:dc (ICO, -TOO and 
iSCC>*s} administered 3 hours before allergen chal- 
lenge significantly reduced the Tall in nasal pcafc 
flow, number ot sneezes and nasal secretion in 12 
patients with asmptomatic seasonal allergic rhini- 
tis, while after 1 week's pretrc3lment (twice daily 
administration) only budesonide produced a fur- 
ther significant decrease in sneezing and secretion 
and a significant increase in nasaf peak flow (Munch 
et a!., 1932). Similarly, in z double-blind pLccbo- 
controllcd crossover study in 13 patients with out- 
of-scason allergic rhinitis, I week's pretrcstmcnt 
with intranasal budesonide (50 or 2(XVg twice daily) 
significantly inhibited th;* allergen-induced type i 
reaction (Pipkorn, 19S2a,c). 

Employing a repeat protocol in virtually the 
same group of patients, prctreatmcnt with intra- 
nasal budesonide had a minimal effect on hist- 
aminc-induccd nasal symptoms (Pipkom, 1932b) 
and the results indicate that the effect of budesen- 
idc on the immediate type J reaction cannot be 
attributed to a blocking of histamine's activity at 
the receptor level, but more likely, inhibit its re- 
lease from sensitised cells. In addition, a detectable 
concentration of histamine in the nasal mucosa of 
healthy subjects and patients with allergic rhinitis 
has been documented and, despite the study taking 
place out of season, patients with rhinitis had higher 
histamine concentrations than healthy s-biccts 
(Pipkoro and Andcrsson, 1932). Following I week's 
prctreatment with intranasal budesonide, the in- 
creased nasal mucosa histamine concentration in 
22 patients wiiii rhinitis was significantly reduced, 
and anti-IgE-induccd release of histamine in vitro 
in nasal biopsy samples taken from 13 of these 
patients was also inhibited. Similarly, it has been 
shown that overnight culture of human leucoevtes 
in the presence of budesonide (0,1 nmol/L to I 
jimol/L) inhibited anti-IgE-induccd human baso- 
phil hiisamine release in vitro and the results sug- 
gested a dual mechanism of action (Dergstnnd et 
a!., 19S4). ^ * 



It is not dear from the study of Pipkora and 
Andcrsson (1982) whether the effect of budesonide 
on mucosal histamine concentrations was me- 
diated through a reduction in the number of cells 
conuiniag histamine, a reduction in the conccn- 
iration of histamine within the ceil, or a combin- 
ation of the two. However, no qualitative cr quan- 
titative morphological chances in mast cells were 
observed as a result of treatment with budesonide 
in 14 asymptomatic allergic rhinitis patients (PIp- 
korn, 1983a). Consequently, a reduction in the 
number of mast cells in the nasal mucosa does not 
appear to explain the reduced mucosa] concentra- 
tions of histamine or the inhibitory e fleet on the 
immediate allergic reaction in asymptomatic al- 
lergic rhinitis patients treated with budesonide It 
also seems unlikely that a direct vasoconstrictor ef- 
fect, similar to the effect on the skin, can account 
for the inhibitory activity of intranasal budesonide 
since no difference was found to occur in mucosai 
blood rtow compared with placebo in ! i healthy 
volunteers (Bende et aL, 1983). 

1.4.3 Antianaphylactic Activity 

It has been shown that histamine and slow-re- 
acting substance of anaphylaxis (SRS-A) are the 
main mediators of antigen-induced bronchospasm 
sn guinea-pigs sensitised to produce IgE and/or IgG 
antibodies (Andersson. 1932). Studies with bude- 
sonide and bedomethasoac diprop-onaic revealed 
that these 2 glucocorticoids did not protect ov- 
aibumin-sensiiised (to produce mainly IgG anti- 
bodies) ^men-pigs from ecaphylactic shuck fol- 
lowing rechallcngc, although both potentiated the 
protective efTcct cf mepyramine in this test (Fors- 
bcrg and S6renby s 1 98 1 ). Furthermore beth drugs 
inhibited the release of SKSA from lung tissue in 
vitro but were without effect on the tissue content 
and antigen-induced release of histamine (Forsbcr; 
and Scienby, 1931; Fonbcrg et aL, 1962). These 
findings suggest thai budesonide and bedometha- 
sone dipropionate may have a beneficial effect on 
the immediate allergic reaction by inhibits feu- 
mediated release of SRS-A. However, using 2 ten- 
sitisation procedures that lead to the formation of 
predominantly IgE cntihodiss in one model, and 
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exclusively IgG amibedi:: in a second model, both 
budesonide and hydrocortisone reduced in viva 
anaphylactic bronchccor^triction and in vitro hist- 
amine release in guinea-pigs sensitised to produce 
predominantly IgE antibodies (Andcrsson and 
Brattsand, 1982). Additionally, in vitro studies have 
shown that pretreatmcni with intratracheally ad- 
ministered budesonidc inhibits IgE-mcdiaied re- 
lease of mediators participating in both the ana- 
phylactic and imlanuuaivsry reactions (leukoiricncs 
B 4 and D 4t histamine and platelet activating factor) 
in chopped lungs taken from ovalbumin-scnsitiscd 
guinea-pigs (Andcrsson ci ai M 1934). Finally, it has 
recently teen shown tha; budesonidc and bocio- 
mcthasonc d; propionate ere of equal potency in in- 
hibiting IgE-rr.cdiated bronchial anaphylaxis in 
guinea-pigs, but to induce systemic effects a 5- to 
10- fold increase in budesonide dosage was re- 
quired, indicating that it may be the mere selective 
glucocorticoid (Andcrsson et a!., 1983). 

1.5 Effect on Bronchial and NasaS Mucosa 

Long term application of potent topical cortico- 
steroids to the skin may cause dermal atrophy and 
the question arises whether similar changes occur 
in respiratory mucosa following prolonged aerosol 
or intranasal administration of these agents. Stud- 
ies with bcclomethason* diprcpionai-j have re- 
vealed no important changes in bronchial or nasal 
mucosa following long term administration (Brog- 
den et al M 1984). However, such findings do not 
"ecessarily follow for other, glucocorticoids and 
since budesonidc has been shown to bo more po- 
tent thr.n bcclorr.eihasonc di propionate when :*p- 
pKcd topically (sec section U). hiViolorricr.l assess- 
ment of mucosal chances with prolonged use would 
vcm appropriate. In studies in patients with 
asthma, no cva'catior.s of the effect o!" inhaled bu- 
desonidc on bronchial mucosa have been reported. 
However, histological analysis of nasal mucosal bi- 
opsy specimens obtained from patients with rhin- 
os, treated for up to 1 year with intranasal bu- 
desonidc. revealed no significant morphological 
changes in the epithelium such as mciaplasia or 
--roph) compared wiih prctrcatnicnt specimens 



(Eailc, 1922; IXotcpoiao ct ai, 19S2; Liadqvist e: 
ak, 1933; Pipkorn and Bcrgc, i9S3). 

1.6 Acute Dose-Response Studies 

The time court? of reepons? to inhaled bude- 
sonide has been assessed in double-blind, sinsle- 
dosc, crossover trials ir. patients v/i:h bronchial 
asthma (Dahl and Johansson, I9i52d; Ellul-Micallcf 
aiid johansson, i933a,b; Eliui-I.iicailef ei al„ IJ'jO). 
Each study included 12 patients and the time ourse 
of response was evaluated by changes in peak ex- 
piratory flow rate (PEFH). When lOCC^g of inhaled 
badesoi'fiuc {via a tune spacer) sad -vOmg ol o:?i 
prednisolone v.-cre compared with placets, the peak 
ircreasc ia PEFR was noted 6 to 8 hours after ad- 
ministering budesonidc and remained significantly 
increased for up 10 12 hours, whereas for oral pred- 
nisolone peak increases were observed beivre:i c 
3nd 10 hours and they remained significantly in- 
creased for up to 77 hours (Ellul-Mierdtef et aL 
19S0). The increase ia PEFR was significantly su- 
perior for oraJ predrJ^olonc from S ho^rs omvards. 

An acute desc-rcsponse study in which :CGC;;g 
of inhaled budesonidc, l25/<gbf suhcmancGusly in- 
jected terbutaline, a combination of the two, and 
placebo were al! compared, revealed that tcrbut.v 
line had a peak effect within I hour. An increase 
in PEFR was noted only 4 hours ?.f;cr bucescnide- 
but PEFR remained significantly increased 
throughout the remainder of the 8-hour study (Dahi 
and Johansson, When the 2 dav^s were cd- 

ministercd simul;ai;COUSiy the Uronciiodilatory ef- 
fects appeared aJ-ditive, with an early increase in 
PEFR and a mcr.- sustained improvement in lung 
function for tUc reminder of the trial. 

In another svjc 3 doses of inhaled budesonide 
(!C0, 400 and HOOug with a tube spaecr) were 
compared with crai budesonidc {\(-0ihr?) and oni 
prednisolone (4Gmg) over a 12-hour period (Ellul- 
Micailef and Johansson. 1983a) (fig. 5]. AH inhaled 
doses of btfdesonuie produced a significantly greater 
increase in PEF31 than did oral budesonidc and 
wheu liic aieas under the PEFR lime curves (AL : CY; 
were calculated ?. dofo-response relationship was 
established. Oral prednisolone was administered 1 
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days prior to budesonidc in a sir-de-Hind com- 
parison with pUccbo, in onler to identify cortico- 
steroid respond: the maximum increase in PEFR 
si3:i:i:cr.r.tiy ijrcuicr limn produced by the 
diflerciu inhaled b'.idesonidc dosagci 

Usins a similar protocol in a fcJIow-np study, 
2 single doses of budesonidc (4C0 2nd !600u 5 ) were 
compared witi; a multiple-dose rc«men (4 x"l00^ 
do-es at 2-hour intervals) in pr.iicnis <.vith b-on- 
chfc! asthma (Ellul-Micdlcfand Johansson i9S^) 
Altioush the 1600;* dose resulted in the' honest 
PE1R for the first 7 hours, from the tenth hour 
onv-ards the divided rc-mcn was sirnuicantly su- 
penor. vVhea the change in the AtiCof PEFR was 
con-pared, there was no significant difference be- 
• - * K 1 --'*-» v-ia wore a sig- 
nutcani improvement over the single <J0(W dose 
ot budesonidc. Th.se data highiJjhi the import- 
ance of frequency of administration on pulmonary 
response (see section 3.1.3). 

2. Pharmacokinetic Studies 

There have been only a limited number of trials 
published in which the pharmacokinetic charac- 



teristics of budesonide have been evaluated. In mem 
instances these studier have addressed the problem 
of explaining the high topicaJ io svstemic ratio of 
acavuy. However, 2 trials have been reported in 
wh;ch more d-i!ed pi;arrnacoki ii e;ic cessment, 
were penormed ia human volunteers (Rvrfcldt et 
al.. 1 982) and in degs (RyrfeJut et al„ 1979* r* 
addition, a recent invesugation studied the indi* 
vidua! contribuuon of Ac 2 ep^c s of budesoni.le 
io the overall pharmacokinetic profile fMon'n- 
intravenous administrauon of ^-budesonide 
Ryrfc dt et ah, 19S4). >' 0 P harrr*<ok:netic studies 
have been reported in patients with asthma or 
n.initis. 



2.1 Absorption 

When any d.ug is given by m -i crtfd dosc 
halat.on only abouUOSof each des: administered 
enters the.lungs, the majority cf th- remainder id*, 
deposited in the mouth and surcequeTly sw~i'. 
lowed (NcB.Taaa, 1SS3) . Consequently, it « i,,,. 
portsr.t to establish the oral pharmacokinetic fro- 
tile oi orugs given by acrosc: inhala-ioT In W-h~ 
male volunteers 50GV 3 of 'H-budesorude wis ad- 
m.n.stcred orally, intravenously ar.d by infclaiiw, 
through a tube spacer (.he inhaicd dose was cor- 
rected for losses in the .-.south and in the delivery 
system, and was calculated to be 2£0^), and the 
plasma concentrations of total radioactivity and cf 
unchanged drug were measured (Ryrfcidt et ai., 
19 ?4.(. fi S- <>]• Following inhalation", the highest 
concentrations of unchanged t-gisonidc .ver; 
found in the earliest plasma samples « 1 hoar), 
whereas after oral administration im peak plasma 
concentrations of unchanged badc«r»r.idc occurred 
ai:er 3 hours and i.W e f total rceicactivitv be- 
tween 2 and 4 hours. The systemic availability ef 
budesomac was calcu&ni , 0 bc >a7«j followina 
oral adtninktratioa, wh:.v 73% ofrhs dec rca;h- 
ing the lung was systemica!!y available, suB^cstir.a 
extensive first-pass metabolism (Ryrfcidt " e: aL 
1932). 

Intratracheaily instilled J H-budesonice (I »*■ '. 
lung) in isolated perfuicd lungs from guinca-pics ' 
and rats reached equilibrium with the pulmonary 
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*9. 6. Piasma concentrafeon of total 'a^oactnrity {O O A) 
u^-r,r«Hj ciicg (Ouii foiiow-jig r«) intrsvetou?. (b) ~r and 
eimn alali0n a:tminis (ration of 3 H-!:udssonide SOO^g w f>, 3 and 
^tAtnycv^e volunteers. re«poct»veiY (after Pyrfef^t c: aL 122?). 



circulation within 5 minutes, illustrating the mpid 
absorption of budesonide .solution through the mu- 
cosa and parenchyma of the lung (Brnttsand et a!., 
I9S2-0. When administered Lurjuraclieally ;.s mi- 
cronised panicles (< 5wm) to guinea-nigs in Wro, 
the major portion of the ICOwg dose 75%) dis- 
appeared from ihc lungs within the first 2C min- 
utes- Polarisation microscopy indicated thai loeul 
deposition and dissolution of the micrenisea par- 
ticles may be the .TUe-limitir.n step in the ever:!) 
absorption process (Brattsand ct aL, 19S2a). \fore 
recently it has been shown that following in; iv. tra- 
cheal administration of budesonide into guinea-pi? 
lungs in vitro, the uptake of hude*-r*nide crime* 22 ft 
was much greater than that of cpimer 22S. Addi- 
tionally, no meiabohtes of budesonide were de- 
tected in cither lur.g or perfusate samples (unpub- 
lished data on file, Astra). 

2.2 Distribution 

Following intravenous administration of 3 H-bu- 
desonide 500^g to 6 healthy volunteers, the vol- 
ume of distribution of uncharged dru^ was cal- 
culated to be 30L3L {Ryrfeidt et aL, 19G2). 
Recently, using a similar pro-.oc-jl, fOO/ig of 3 I:- 
budesonide was infused intravenously in 6 healthy 
volunteers ana the volumes of distribution of cpi- 
mer 22R and cpimer 22S were found to be 4 24.9 L 
and 245.1L, respectively (Ryrfeidt et aL, !9S4). The 
significantly greater volume of distrioution for cpi- 
mer 22R may be explained by a lii^lier tissue af- 
finity rcsuiiiiig from its tuor, h\urcphob:c prop- 
erties. 

The plasma protein binding of budesonide /;i 
wrro was caicrined to be ?S.3?* by equilibrvtm di- 
alysis and u! trace ritrifucation, with n-.^ligiblc bind- 
ing to transconin (Ryrfeidt et ai. f 1932). 

2.3 Elimination 
23 A Metabolism 

Budesonide has been shown to have a high ratio 
of topicai to systemic activity compared with ottiL-r 
corticosteroids such as bcclcmethisonc di propion- 
ate, Sunisoltfe. £uocin?!onc rcctonid.; ^p.d tri-r:!- 



Cudesonidc: A Prelim inary Review 



493 



Buiicsonido: A Pre: 



cinolonc accionidc (sec section 1. 1). This differ- 
ence probably depends on a more rapid rate of 

biotransformation in :!:c liver (Crrutsand c: al. t 
19S2b,c.d). At present there arc few data currently 
available concerning the in vivo metabolic degra- 
dation of budesonidc. However, various studies 
have evaluated the ;/i vitro metabolism of bude- 
sonidc in liver and skin supernatants from several 
species, including man. Negligible degradation of 
budesonide, hydrocortisone or triamcinolone ace- 
ton ide occurred in skin preparations from man, rat 
or mouse, whereas budesonide was rapidly metab- 
olised in liver preparations from al! 3 species (An- 
dcrsson ct al., 1932b) [table I]. Interestingly, bu- 
desonide epimcr 22R was bioiransfcrmcd almost 
twice as quickly as epimcr 22S nr.u in a previously 
reported vasoconstriction assay it wzs found to be 
approximately twice as potent (Brattsand et al.. 
1932c). Similar in vitro studies indicate that bu- 
desonidc is mctcboiir.cd mere rapidly than triam- 
cinolone acctcnide and bccloir.cihasane mcnoprc- 
picnate (tlic major step tor loss of activity of 
bcclomethasonc dipropionatc) in human iivcr 
preparations (Ry^te!dt et a!.. !9S2). When rat liver 
preparations were used, budesonidc was more rap- 
idly degraded in homo^cnates from male rats than 
from female rats and this was reflected in a much 
rcc'.uccd systemic potency (as assessed by thymo- 
lylic activity) for male rats in vivo (Andersson ct 
a!., 1932a). These results highlight the greater ca- 
pacity of the male mi to roctabo^c dr;i?s reiser- 
ally, probabiy caused by a higher activity of oxi- 
dauve enzymes in the liver. 

These findings have led a number of workers to 
conclude that budesonidc undcr^ces extensive first- 
pass metabolism (Andersson et al., I932o,b; Bratt- 
sand ct al.. 19S2b.c; Ryncidt ct al., 1979, 1982). 
Additional indirect evidence for this comes from 
the tindip.f* th-tt the systemic potency of budeson- 
idc is increased by liver enzyme inhibition (SICF- 
525A) and decreased by liver enzyme induction 
(phenobarbitcne) IBrausand and fo.ilsiroin. 1983], 

More recently, an in depth assessment of the 
metabolic degradation of budesonidc carried 
out in human liver homosenate in vitro t Hdshricker 
ct ai., S9wj). major metabolites identified ws- 
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ing -his technique were 6.3-hyarcxybudcsontce 2nd 
16a-hydroxypredniso!on<;. When the 2 cpimcrr. of 
budesonidc were incubated separately, no 16<t-hy- 
droxyprednisolonc could be cietccicd after incu- 
bation cf :hc 225 epimcr and this pathway there- 
fore seems to be selective for the 22R cpinter. The 
2 metabolites identified in vitro are present aho in 
human plasma following intravenous ad ministry 
tion cpf tufJcsonide (unpublished data on file, .vs- 
tra). It has been shown that the 2 metabolites have 
much less glucocorticoid activity (< \%) than bu- 
desonide (Dahibergctai., 19S4), and the possibiliiy 
arises that hydroxy lation of the 6/J-position lo form 
6£-hydroxybudcsonide and loss of the I6a t !7a- 
r.cetal grown to form i6<j-hydrcr.ypredr i iso!one may- 
be the major metabolic paihways involved in the 
rapid biotransformation of budesonidc into me- 
tabolites of low activity. 

2.3.2 Excretion 

In 3 healthy volunteer-. 45% of the total dose of 
orally adininis'.orcd J H-budesonide 500^% was re- 
covered in the urine and 29.6 in the faeces within 
the first 96 hours (Rynbtdt et al., 1982). In the same 
study, folio win?, budesonidc 500^; inhrJaiion in 3 
volunteers, 31.31* of the dose was recovered in the 
urine. 15. : n the faeces, and 41.4% in the mouth 
. or inhaler. In a rccrnl study it was discovered in- v. 
none or only rac. amounts of '.his tcra! was in the 
f^rrn of unch r.^ed buceso^ide during ?hc firs: 2 * 
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hours following intravenous administration of 2 H- 
budesonide 500pg to 6 healthy volunteers ( Ryrtcldt 

et al., 1984). 

From these studies, plasma clearance of un- 
changed budesonide was calculated to be 23.7 L/ 
hour (Ryrfcldt ct al., 1982) while the plasma clear- 
ances of epimcrs 22R and 22S were 1 16.6 and 66.7 
L/liotir. respectively (Ryrfcldt et al., 19S4). These 
data highlight the rapid plasma elimination or bu- 
desonide and its 2 cpimers and presumably reflect 
the high hepatic clearance of the compounds. 

In a study of 10 healthy volunteers it was found 
that less than 1% of budesomde was lost in the 
exhaled air following inhalation, and diiTcr&xcs in 
airfiow and tidal volume did not atTec: this value 
* (Moren and .\ndcrsson, 19S0). 

2.3 J Half-life 

The plasma haif-1: ves of unchanged budesonide, 
cpimer 22R and epimer 22S were 2.8, 2.66 and 2.71 
hours, respectively, following intravenous admin- 
istration of -H-bucesonide SCCng to 6 healthy 
volunteers (Ryricidt et al., 1932, 19S4). Following 
inhalation, the plasma half-life of unchanged bu- 
desoTiidc was 2.0 hours, which is similar to that 
found after intravenous administration (Ryrfcldt 
ct al., 19S2). 

J. Therapeutic Trials in Asthma 

Ir.!:*!:d corticosteroids are now well established 
in the management of asthma in steroid-dependent 
patients, with the great majority cf published work 
and clinical experience being derived from using 
j bedomeihasonc di propionate. The errxacy and 
I safety of this agent has been consistently reported 
- total dose of : m both short and long term trials (for recent rc- 
500ug was re- views see Brordcn. !9S3a.b.r. Brerden et al.. 19S4>. 

•faeces within and it has become the standard against which the 
2). In the same efficacy of other inhaled corticosteroids are as- 
nhalation in 5 scssed. Consequently, it is not surprising thai a high 
covered in the proportion of published therapeutic trials involv- 
in the mouth ing budesonide have been short arm comparisons 
■■•covered thai ; < usually of open crossover design) with fccclorne- 
:otal was in the thasonc dipropicnate in patients with asthma ot 
in* the first 24 varying degrees cf severity (section 3.3). Most of 
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the remainder of the clinical trials ha ve been short 
term crossover studies usually evaluating the ef- 
fects of dilferent doses cr ui/fercnt cjsiub rcgiui-ui 
of inhaled budesonide in adult asthmatics. How- 
ever, some were placebo controlled (Baran, 19S4; 
Henrikscn, 1984; Henrikscn and Dahl, 1983; Jo- 
hansson and Dahl, 19S4; Roscnhall ct al., 19S2b\ 
others were only in children with asthma (Baran, 
I5w; Fi.id et aL 1*5?.; Henril^n. 1 Henrik- 
scn and Dahl, 1983; Kjcllman et al., 19S2), and a 
small number were of medium to loi>s term dur- 
ation (Adelrcth ct al.. 19S4; Laurscn ct al., 1933; 
Rtociihail ct al., 19S2a). Sexe of in* trials have 
been presented as short reports or in letter form, 
which has complicated their evaluation because 
of the lack of essentia! information concern- 
ing patients, trial design, methods, and so fortn 
(Dahl and Jchaajson, 19S2a: Kjeilman ct al., 1982: 
Laurscn ct a!.; 19S3; Stiksa et at., 1932; Too-ood, 
1983). 

Considering that inhaled corticosteroids arc in- 
tended for the longer ;cvm prophylaxis of asthma 
rather than ihc treatment of acute exacerbations, 
there s;ems to be an undue preponderance of stud- 
ies of between 2 and 4 weeks duration (2 v.eeks 
being by far the most freQtfeai duration of axess- 
ment for each active regimen or any f>en partic- 
ular dose). Only a Hmiied number of trials have 
been reported :n which budesonide was admini- 
stered for prolonged periods (section 3.2). While 
these studies showed a convincing stcroid-sparm* 
effect in patients wuh sevcie asii«:i?.. utc reicuvc 
efiicacy of budesonide compared with other in- 
haled corticosteroids has not been assessed in icng 
term studies. 

3.1 Short Term Studies in Asthma 

Even after single doses, inhaled budesonide pro- 
duces a rapid improvement in pulmonary function 
characterised by a dcse-rcspcr.se increase in peak 
expiratory flow rate (section 1.6). Following mul- 
tiple dose*. (25, ICO or 400«J d 'i^'* « aay) iu sn 
appropriately designed 2-week crossover study in 
to patients with »;uueruii:> sev;*rc v.-i-.- 
dependent increases in morning and evening peak 
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expiratory* flow rales were also recorded (Johans- 
son and Daiil. 19554) {fig. 7]. 

In iiiis study there was a high drop-out rate dur- 
ing the placebo period which suggests thai ail 3 
doses of budcsonidc were more eiicciivc than pla- 
cebo, although 2 patients also withdrew white re- 
ceiving the lows? dose of budeconide. Assessment 
of subjective scores for asthma severity revealed 
that budcsonidc 400 and 1600 *S/day was superior 
to 100 jig/day, but only a daily dose of AQOaz ws 
statistically different from placebo. 

3. LI Inhaied Dudesonide Compared with 
Oral Steroids 

In severe steroid-dependent asthmatics, long 
icrni therapy with high dose oral steroids produces 
an increased incidence of side effects (Cochrane, 
1983). Uecauie of ibis, any oral sicroiu-sparing 
manoeuvre should be considered if disease stabti- 
iiv enn be maintained: a number of studies have 
attempted to compare the antiasthmatic eiTicacy of 
inhaled budcsonidc with that cforai prednisone. 

In an open randomised 2-week crossover study 
in 16 patients with steroid-dcpcndcm severe 
asthma, daily doses of 400 and SCO^g of inhaled 
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Fig. 7. Mean evening peak eaoiratcry flow rates after £ 1 week 
run-in period (on inhaled Dectometnasono dioropionate 400 *tg/ 
day). :r.r**i trea;rrcni periods wth dm'crqnt <2or»ea of in- 

hai-Jd Cceuscnsse (1C0. -tC0. 1o«3 »5/£tay n «J drvtd-jd doses) 
and a 2-wc*k placebo -controlled waiUcui period in 13 oatients 
with i.ioocra:c!y severe jstMma: * p < 0.05. " p < 0.01 com- 
pared w.w ptuceoo (after Johansson and Oatt. i934>. 



budcsonidc appeared to be of equivalent potency 
as 10 and 20ms of oral prednisolone, as assessed 
by changes in peak expiratory flow rate and sever- 
ity of asihmatic symptoms (Roscnhail ci aU 1982b). 
la a doubie-blir.d crossover surly, 14 predr.iso::.:- 
depcndcnl patients and 17 patients not requiring 
oral steroid received 3 dosages cf inhaled bude* 
sonide (400 to 3200 jig/cay; and 3 dosages of ai- 
tcrnaic-day oral prednisone (7.5 tc tOms) for 2 
weeks each (unpublished data on file Astra; Too- 
good et aL 1933). After a stable baseline period 
(maintained with inhaled bedemuhasone dirrc- 
pionate with or without alternate-day oiai steroid), 
it was imposiillc to ideiyja'.elv cu::i:-i asthma;:; 
symptoms with aitcmate-day oral prednisone aionc 
in prcdnisonc-de? indent patimas. !n contrast, b*> 
desanide alone, inhahtd with the aia of a spacer, 
significantly improved asthma contiui, the best re- 
sponse being obtained wuh SGO to 1500 jig/day. In 
both prednisonc-dependent patients and those not 
dependent upon oral prednisone, :i:ralcd budcson- 
idc was superior to aiierna.eV.cy oral prednisone 
in controlling asthma, as assessed by forced expi- 
ratory volume, seventy of symptoms and attack 
frequency. 

Comparable findings have been reported in 34 
patients with severe unstable asthma requiring hi;h 
doses of oral prednisone on altcrnat: days (Too- 
good ct al., 1984d). Patients reived both inhaled 
budcsonidc 14C0 to 32C0 *ig, day in 4 divided doses) 
and oral prednisone (7.5 to 40:;ig once daily) for 6 
weeks each, the actual dese be;:i° dependent upon 
the p:w severity of the unccriyir.?, disease. :n a 
double-blind crossover vriai. Relapses of asthma 
were linearly related to the log dose of both drugs 
bit the number of exacerbations requiring extra oral 
steroid occurred twice as o:ten v.iih orai crcuiu- 
sone (p < 0.05) and the relative potency for pre- 
venting severe relapses was 25 : 1 in favour ot in- 
haled budcsonidc. The results cf this study indicate 
that both inhaied budescnide nnd oral prcdni^'^c 
can effectively control unstable asthma providing 
that sufficiently lar?c doses are used. However, it 
doses producing equivalent coairui of the csth- 
malic condition, inhaled budesonide had siuniil- 
candy 1. ss systemic activity, as measured by morn- 
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.... ... ^ d ^ w 5n haled v/im a 

rcii. budcsonide lOO^g rwu- »• • ,-.* a t-r 
sprcr was found to produce sigmtondy - . -at-r 
nt^vcrncnts in mornir.g and evening pea - on 
Z"! low r-tcs and in forced expiratory volume 
Ln Sual doses of bcc-omcuW* ^ 
inhaled with a standard actuator (Bamn WW 
• nt ..h- d«uHc-Wind cl-cb-vcontrcHcd stud' >n 

butaline (32.5,g? on lung function ,n 14 children 
wuh exercise-induced asthma bcfo.e and uu«ng 4 
weeks treatment with innate! bwtaomde (.CO *, 
through a 7>0,n» cone space;) IHcnn «n and 
Dahl 1«>SM. Tho main aim «.f die uia. *-s 10 a- 
whether sustained therapy with budeson.ue 



• . rr .,n-r«c the effrrts of torbuta'.inc 
could po^'i * as - n - x " ■ lha , , ilC : UU:i w-iion be- 
ll* ic^»PP^ to,ne ^ ,, .d* l ive. At ICS!. 

1 week's treatment *itn ™« PS . 
secant irnprovementin m , 

scssed by changes » J^^^S and forced 
forced expiratory vo.ume ^nc *co toJ 

capacity, and there w» .„. ltrr ;. l0r respond 
mel , by week 4. The JJ^^W 
to exercise was ^ '* iirors ,he find- 

meal with budeson.de and th s .* »™ _ 

ings obtained with t S'c:-iscin- 

d uced r.r.hma but i.k al l977 ; Hoda- 

ford some protection ^ ^ ^ ^ ,,, 

clicctivcncs of HU-.1C0 ^ excrcisc .: n duc:d 
with a spacer) t- ^ ;^'^ cck dovb , c -bl^d 
-*ma was ^ in ,6 us:h,na,;= 

Piaccbo-ccntrcn a «wj s of ■ c , ilJfcn NVil0 

children ',2 pined ,i,nir,c=.H urot x- 

compietcd the tnJ. >- b ., , ; rece Lv ; :; t ; 

™dt"r ; t>rced expiratory 
^al— was reduced by 03.. 
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both twice and 4 times daily, no reduction in thera- 

SS£ e!E c=cy «s observed as a result o, rcduc,n ? 

Sc dose frequency (S.iksa et aL. 1982). These find, 
n8S Tc c ^ported by the rcsu',, cf 
nthich twice «d 4 times daily administrate of 

budcsonide (400 „g/day with a spacer) were «nv 
pared in a double-Wind 4-week crossover win 
•9 patient, with stable asthma not requ.nng ond 
steroids (Nvholm et aS.. 1984). Assessment ot 
monarv uncion (peak expiratory flow rate, forced 
Tpimtory volume and forced vital capacity) and 
Sthma symptoms indicated that twice daily ueat- 
22 with budnonUb was at least as efec** » 
a 4 times daily '.cgirr.cn. However, in a comptt- 
hensivc study specifically designed to evaluaw the 

tcre administered 2 or 4 times a day or 2 ^ 
each in a crossover trial (Too £ ooa et aL, L-8J.6). 
At every dose level of budcsonide the best rc,u.u 
(regardless of index measured) were cons.stcnuy 
observed with the 4 times daily dose rcgunerK u 
agreement with these results arc the findings of Dahl 
and Johansson (1982a) who showed that a reduc- 
tion in dose frequency from 4 times oaily to fvv.ee 
dailv in 16 patients with moderately severe asthma 
produced a sicmf.cant decrease in eveninj peak ex- 
nimtorv How rate, although the morning me was 
unchanged, lhe apparently contradictory contu- 
sions drawn from these trials may reflect differ- 
ences in the activity of the asthmatic state of the 
" " •> Wlw&cr the imr.ll (but suttsa- 

cidlv sirakoni) improvements in tuns function in 
favour of the more frequent dosing rc?,imens found 
in some short term studies do indeed aff 3 rd greater 
antiasthmatic protection against periods of acute 
exacerbation remains uncertain. However, until this 
matter is clarified it may be clinically prudent, es- 
pecially for patients in relapse where a more .re- 
qucnt budcsonide regimen has been shown to be 
significantly superior, to employ a 4-tunes-a-day 
dosing schedule. 

31.4 Elfcct of Spacer Devices 

In a number of trials budcsonide has been ad- 



ministered with an extension or spacing (spacer) 
device (for examples see tabic «>• To* « an 
important consideration when evaluating suca 
studies since it has been shown that these- devices 
can increase drug deposition in the lung and de- 
crease unwanted deposition in the oropharynx 
Newman et aL. 1951). In the study of B^ancer 
et al (1932) it was shown that budttomde -Oug 4 
times da.ly inhaled through a spacer was slightly 
more efficacious, witn respect to reducing the nerd 
for supplemental p.-agomsts ami in reaving 
svmptoms. than an equivalent dose o. budeamide 
o'r bcclorr.tihasonc lUOpft 4 thnes duty, both ad- 
ministered with a standard sctnator. However, eech 
treatment period was only 2 weeks .n duration aac 
chantcs ia peas expiratory flow were not swmtt- 
cantly different 

lr. studies designed to specifically evaluate the 
inllucncc of an aUnil tube spacer, a /50ml cone 
spacer, and a conv.ntional actuator m ■ uonunt- 
stcring low (400 ,^-ay) and hish (««0 ,*'day) 
doses of budcsonide to 35 asthinaUcs it was found 
that both spacers may be clinically useiui at uat 
they augment the airway response to buuesenu* 
and reduce the level of oropharyngeal csnodiasis 
(section 6.1.1) fToogood et aL. l9Mb.c'. u« * 
.pacers doubled the antiasthmatic potency of in- 
ha'cd budcsonide as assessed by the change in 
forced expiratory volume in 1 seccr.o trom oase- 



line (P < 0.05). cad Sis oceturcu acsp/.c ,.«. 
lectins and pretralning this group ot puenju 
achieve maximum efficiency nstns a star.card ac- 
,.„.or -H- resM<«< from this st.rty indicate that a„ 
asUimatic patients receiving budcsonide cc serve a 
trial with a spacer, since approximate,-/ 91/* of u.em 
mav be expected to show an improvement in 
asthma control and/or reduced oropharynx* 
complications, and at present there :s no acc^aW 
method of predicting these likely to respond (Too- 
good et aU 1934c). 

3.2 Long Term Studies in Asthma 

Lono ,erm trials -it!; inhaled budesoaids have 
all been of open feign ia patients *.d. 
asthma; assessments were made toeva.uate c-anges 
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in lung function and sympionutrJogy, and the need 
for oral steroids and hospitalisation (for acute cx- 
accibaiions). In the largest study ic date, 166 auuit 
asthmatics dependent upon inhaled steroids en- 
tered an 8-ccntre trial designed to investigate the 
safety and efficacy of budesonide lOCkg 4 times 
daily inhaled via a spacer (unpublished trial, As- 
tra). 134 patients completed I year of treatment 
and of the 32 v/itlv'.rawals only 10 were due to ad- 
verse effects: 14 were due to other medical reasons 
(such as deterioration or improvement of the 
underpins disease) and 8 were for non-medkal 
reasons. Durir.s the trir.l th: number of pr.n-ms 
requiring supplemental oral steroids decreased, al- 
though conclusions with respect to this should be 
guarded since only a small percentage (iS.7%) of 
patients required oral steroids it entry. Lung func- 
tion, as assessed by forced curatory volume, sig- 
nificantly improved during the 12-month treat- 
ment period, but there was r.o change in forced 
vital capacity. In addition, bror.chodilator-induced 
increases in forced expiratory volume and vital ca- 
pacity were significantly reduced during follow-up. 
compared with the bronchodilator-induccd in- 
creases at baseline. In parallel with the improve- 
ment in lung function, daytime and night-time 
symptom scores for wheeze, brcathlcssncss, light- 
ness of the chest, cough and sputum were all sig- 
nificantly reduced throughout follow-up, and the 
respiratory rate was also significantly decreased. 77 
patients continued for a second year (only 4 centres 
^iiLipuu-u} ur.u tiic rcsuius did not appear to snow 
any new efTccts or changes compared with the first 
year, although firm conclusions avail separate sta- 
tistical analysis for this sub-roe?. 

All other lor.£ term trials have been in patients 
dependent upon oral prednisone and have primar- 
ily assessed the possibility of reducing the require- 
ment for oral steroid during higii dose therapy with 
j inhaled budesonide. Thus, in 31 prednisolone-de- 
J pendent asthmatics (mean duration 113 years) who 
I were treated with inhaled budesonide (mean dose 
1060 /.g/day) for 12 months. she meun daily con- 
sumption of oral steroid was reduced from 9 to 
2 ^rv;?. (P.osenlcU ct .:!., !932s>. During &c tried, 
mean peak expiratory flow rate increased from 250 



to 320 L/min in U:t morning and from 320 to -u0 
L/min ir. the evening, with those patients wno had 
the highest prednisolone imam: at the sun ot me 
study gaining the most benefit Additionally, there 
was a marked reduction in the number of exacer- 
bations of asthma p-.-r month and a gradual in- 
crease in plasma Cortisol concentrations (see sec- 
tion Uh As a continuation of this trial. 33 patients 
with chronic nstta* requiring continue us oral cor- 
ticosteroids (87* required 5 to 15mg of predni- 
solone eacn day and the remainder were on alter- 
nate-day therapy) were followed for 2 years, and 
during Ihis pcricd tudesonifc (inhaled via a tube 
spacer) was carefcily substituted for the era. ster- 
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oid (Adclruth ct al.. I9S4). At the end of 2 years 
the majority of patients were zb\c to stop the use 
of, or greatiy reduce is? iu m ihc need lor. oral 
prednisolone (h*g. 8). Compaiing the second year 
of the trial with the year preceding it. hospiia! ad- 




mcj. 9. Mean v.Vues :f penk evotrarery fv,w rste (P£Fm wj 
supplemental .1^50.^1 usage Curtng 1 4-day assessment pa- 
nods, fce:ore (fl) ano dur;n<j my* dose pradnisone treatment Q 
and after 6 months' merapy w,m tx:2^*onde ieC0 ng/da- rr> 
tn a 6-montn aroseewve siu0> m 49 paa jus w=*n sam astiuia- 
* p < 0.05: p GC01 ccrrcar.-HJ w.;* ^yrr-soonifcy. vafj?* 
bp'o.-s f«3(riH»*f ;af:c Laursan el aL. 1SC3). * * * 



missions and the number of days of treatment 
caused by acute attacks of severe asthma v. ere re- 
duced by 73'io and 16%, respectively. During ;!;- 
study, half the reduction of oral steroid was 
achieved in the first 3 n:c-.:S;p and wis almost 
completed within 6 months. At the same time, 
morning and evening peak expiratory flow rates 
considerably increased and total symptom scores 
reduced by approximately 33%. 

Findings of a similar nature were observed in a 
prospective 6-mor.th controlled ;rini in 49 steroH- 
dependent (prednisone 10 to 40ing daily) severe 
asthmatics whose mean disease duration was IS 
years tLaurscn ct a!., I9S3). Before initiating therapy 
with aerosol budesonide SOOug twice ciaih with ?. 
spacer, each patient underwent 7 days' treatment 
with prednisone 4Cmg to establish near maximal 
bronchodilation. By the end cfthe study orui ^cd- 
nisoac intake was reduced from :3.9 to -6.0 mi?/ 
day and lung function, as assessed by perk expi- 
ratory flow rate, was grraiSy improved (10% in the 
morning nr. J 10% in the evenif^); mere was ai.so 
a concomitant significant reduction in the requiie- 
mcnt for supplement! j3 r ;igonisr inhalations 
(fig. 9). 

The lack of placebo controls ir» all of these trials 
might have masked any tendenr for spontaneous 
improvement in asthmatic status that can occa- 
sionally occur, but this seems unlikely considering 
the severity of the underlying disease. The striking 
improvements observed are encco raging but fur- 
ther long term studies are needed to clearly estab- 
lish the place of inhaled budescnide in the treat- 
ment nf compared 
innaled corticosteroids. 



3.3 Budesonide Compared with Other Inhaled 5 

Corticosteroids ] 

t 

Bcclomcthasonc dipropionate is the most widely I 
studied inhnicd steroid available for the treat: ne fit 
of asihma. and it is the standard by which newer j 
inhaled steroids are compared. It is therefore not « : 
surprising that all the comparative studies involv- 
ing budesonide b.ve been whh L-x:o::ieiha:o;;e :Ji- .' 
propionate (table II). In design, a small number of { 
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the trials were doublc-blir.d (Baran, !9S4; Field et 
aL 1982; V/illcy et al.. 19S2); the remainder were 
non-blind - all were randomised crossover com- 
parisons in patients with asthma of reasonably well- 
defined severity. The duration of treatment was 
short iciai (between 2 A ivccLsj in even- study 
and. since there is a strong carryover of antiasth- 
matic ciTecis with inhaled corticosteroids, it would 
seem unlikely that trials of such short duration 
could detect small therapeutic differences in 2 drugs 
of similar activity. 

Drus-induccd changes in asthmatic status were 
assessed by peak expiratory flow ra:e and symptom 
scores in every study, and also by changes in forced 
expiratory volume in oi»e ieeoiiu UuJ vital capacity 
in most other trials (sec table 11). The majority of 
studies show thai with short term use inhaled bu- 
desonide and ir.halcd bcclomethasone dipropicn- 
ate are of approximately cijual ciT.ciey in children 
with asthma (Field et d.. 1932; Kjcilman et aL 
1932), in steroid-dependent asthmatics (Biorkan- 
der et al.. 1932; Roscnhall ct ah. 1982b; Stiksa et 
al., 1932) and in patients not dependent upon oral 
prednisolone (Willey ci a!.. I9S2). The only trial to 
find any significant defences between these 2 in- 
haled corticosteroids was the study of liaran (19S4): 
budesonide administered with a spacer to asth- 
matic children was significantly superior to bcd> 
methasonc di propionate (see section 3.1.2). How- 
ever, the different methods of administering the 2 
drugs makes it difficult to interpret the findings in 
terms dose equivalency. The relative efficacy of 
budesonide and bcclomethasone di propionate fol- 
lowing long term ad mi nitration has not been re- 
ported. 

4. Therapeutic Trials in Rhinitis 

The therapeutic efficacy of intranasal budeson- 
ide has been evaluated in patients witn seasonal 
allergic, perennial allergic and perennial non-ai- 
lergic (vasomotor) rhinitis in open, single-blind and 
double-biind trials. In the majority of studies com- 
parisons were made with placebo although there 
have also been a number of comparisons witn other 
active treatments. These include single-blind com- 



parisons with, bcclomethasone dipropionate (Pip. 
korn, !983b; Pipkom and Rundcrantz. 1952; Sa- 
muclsson, 19S3). a single-blind comparison with 
flunisolide (Pipkom and Gelcrud, 1934), a singlc- 
and a double-blind comparison with sodium 
crorrto^lycntc (unpublished trial on file. Astra) r.nd 
a double-blind comparison *viih the antihistamine 
dcxchlorphcniramine (Munch et al., 1933). 

Since there is no provca and reliable icchuiuuo 
for measuring the severity of symptoms ttsscciatcd 
with rhinitis, subjective assessment of changes in 
disease status, as recorded on patient symptom 
diary cards, has been the most extensively used 
method. Recently, rhinonianomctry has been used 
to determine pistil airway resistance in patients with 
non-allergic perennial rhinitis (Malm et al, 19?1) 
and in children with perennial allergic rhinitis cs- 
sociated with bronchial asthma (Wcnzol ct aL 
19S3). although in the former study the rcruiksdiu 
not correspond with nasal symptom scores cr nasai 
secretion following methaclioline challenge 

4.1 Comparisons with Placebo in Seasonal 
Allergic Rhinitis 

Due to the seasonal nature of the disease and 
because spontaneous varia;:on in atmospheric al- 
lergen levels occur, it is desirable that therapeutic 
trials in patients with seasonal allergic rhinitis 
should be placebo-con trolled, it is also essential that 
pollen counts are recorded ;o indicate the severity 
of exposure. Several short term placebo-con irollcd 
double-blind comparisons in parallel groups of 
patients have been reported with budesomds 
(Cameron et aL, 1934; Nomiaa et a.*., 1934; Pip- 
kom et al., 1930; Stcenseii and Lindcrvist, 19SI; 
Warland et al, 1981) [table XII J. Most of these trials 
were performed in ^canumuvia \Cen:r.ji*;;, Nor- 
way and Sweden) although one was carried out in 
a general practice setting in England (Cameron et 
al., 1984) and one was carried out in the United 
States (Norman ct al., 19S4). 

The results from these trials have shown intra- 
nasal budesonide 400 us/day to be significantly 
more effective than placebo in relieving nasul 
symptoms (blockage, discharge and sneezing) and 
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Ta!.!o fit Summary of the design and retuiis of studies comcaring budesorade {SUO) administered twice daily with pfaceto \P) in 
; j»^nts witr» seasonal or perennial rhtnit s 



Florence 


No. of 
patients* 


Study 
design 


Daily 
dosage 

to) 


Duration 


Results 0 










(weeks) 


nasal 

symptoQ 

score 


eye symptom supplementary 
score antiattergy 
drugs 


nasal airway 
resistance 


Seasonal rhinitis 
Cameron et a). (1934) 


60 


do, pg 


400 


4 


BUD > P 


BUD < p 


BUD> P 




Korman et al. (1034) 


50 


db. pg 


400 


4 


RUD>P 








apxorn et at. (1980) 


35 


db.pg 


430 


3 


BUO>P 




BUD > P 




Stccr.sen and Undqvist 
II "31) 


30 


db. pg 


200 
400 


2 


BUD > P 


BUOaP 


BUD > P 




A'Grland ot ai. (Isol) 


29 


db. pg 


400 


3 


BUD>P 




BUD > p 




Ptr&tniaJ rhinitis 
GJ:a et a;. {198G? 


35 


db. co 


200 
400 


2 


BUD>P 








Hennksen and Wenzel 
()9S3)= 


35 


db. pg 


400 


4 


BUO>P 








Hn!opa;nen et al. 
(13o2r' 


19 


db. pg 


400 


16 


BUD > p 








Malm et at. (1981)^ 


22 


db. co 


50. 200 
and 800 


2 


BUD>P 






BUD saP 


Wenzel et at. (1983) C 


37 


do. pg 


4C0 


4 








BUD > P 



a Number of patients who complete J tlie trial. 

a BUD > P signiries that budesonide produced a sk^ficand/ more tavouratte response fran siacebo; 3UC « p wdicatos that 
budesonide and placebo produced equivalent changes: BUD < ? signifies tterptaceto pio^tsd a significantly better response, 
c ChSdrtn wiih bronchi.* I asthma ?.r.n porenntal amerce rhinitis. 
4 Patients with perennial non-allergic rhinitis. 

• Patients with anergic or non-allergic rhinitis. 

• Patients with nasal polyps. 

*i&*rv*m: <?>) = da:t*5-Kind: co = crossover ?g « pirtftai -rovps of P3teni3 uses*. 



in reducing the need for supplemental antinliercy 
ablets. In one of these trick (Stecnsen and Lind- 
*S v isi. 1 981) budesonide 200 ^g/day was effective in 
alleviating nasal symptoms, but this study was per- 
J »rmed in r. season when pollen counts were low, 
whether this dosage regimen would be equally ef- 
fective during periods of high exposure remains to 
verified. Budesonide was found to have no ef- 
fect on the severity of eye symptoms. Indeed, in 
the study of Cameron et a!. (1984), patients re- 
viving intranasal budesonide 100 jg/day hid sk- 



nifican!ly more sever? eye symptoms than did a 
placebo e^oup, although they did not reson to us- 
ing more eye drops to relieve these symptoms. In 
contrast in the trie! of Steer.sen and Undqvisi 
(1931) patients in the budesonide group did use 
more eye drops to alleviate eye symptoms than did 
z placebo group, and consequently no significant 
change in total eye symptoms could be demon- 
strated between the groups. A similar lack of effect 
on eye symptoms has been observed when using 
intranasal becJome&iiiiie diprcpionatc i;i {.clients 
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with seasonal allergic rhinitis (Bro S dcn cl al- 1984). 

In a smdv of 50 grass-ailcrgic paucnis charac- 
terised by spring hayfcvcr. symptom scores were 
significant reduced ( P - 0.001) by intranasal bu- 
desonide compared with piaccbo (N-wian c, al... 
1984) Mediaior analysis from nasal rashes rc- 
vcaW thu: histamine cement was not sisnifranily 
altered bv treatment, whereas the concentration or 
another allergic mediator [tosyl-argimne methyl es- 
ter (TAMUKstcrasc) was significantly lowered oy 
budoonidc (3594 to 1759 counts/min) but not by 
piaccbo (3019 :o 33S5 counts/mm). 

4.2 Trials in Perennial Rhinitis 

Perennial vasomotor rhinitis is a common and 
frcquenilv vcrv uncomfortable condition that is 
characterised by non-seasonal sneezing, nasal dis- 
charge, and nasal congestion. It is normally termed 
•allelic' when a specific allergen is considered re- 
spor.siive and 'vasomotor when no such uJlergtc 
component can be identified (Ballc et al.. 19S0). 
Intranasal b»idcsonidc has been used m the treat- 
men; of r.lL-ryc and non-allergic perennial rhinitis. 
Both double-blind comparisons with placebo (table 
111) and long term open trials have been published 
(Ballc. 19S2: Lindqvist et al.. 1932. 19S3: Pipkorn 
and Bercc. 1933). but the failure in some of these 
• studies to clearly distinguish between allvrgic and 

non-allergic patients makes interpretation of the 

results difficult in such cases, 

4.2 J PLurro-CoKtroHi'd Studies 

Placebo-controlled double-blind comparisons 
have shown intranasal budesonide to be superior 
?o pb.ceh) in t^.ticnis with porcp.r.ia! ncr*-n!!crr:!e 
rhinitis iMalm et al.. l9Si). perennial allergic or 
non-allergic rhinitis (Ballc et aL 1950). perennial 
non-allcreie rhinitis with small nasal polyps (Hoio- 
paincn ei al.. i9S2). and in children with perennial 
allergic ihinitis associated with bronchial asthma 
(Hcnriksen and Wcnzcl. 1 933; Wenzcl el ah. 1983). 
Generally ..htly .U.scs of ZOO or 400 r -i haw proved 
effective although a dose of 50 Mg/d»y was al *° 
found to significantly relieve nasal symptoms 
(without significantly reducing mcthachotinc-in- 



duced secretions) in patients with non-allergic 
rhinitb (Malm et al.. 1981). In this study bude- 
sonide was administered intranasal^ at 3 dosages 
- 50. 200 and S00 ce/'day - but no clear dose-re- 
sponse relationship «vas observed and there was no 
statistically significant difference between any or 
the 3 dosages ar.d placebo, with respvxl to changes 
in nasai airway resistance measured rhinomano- 
metricaily. In contrast, approximately half the 
patients had nasai eosinophil before treatment 
and this was significantly reduced by budesonide 
so that after the lav. treatment period only 2 patients 
had nasal eosinophil. A similar finding was re- 
served in patients with perennial rhinitis with as- 
sociated nasal polyposis, in whom intranasal bu- 
desonide caused a oronounccd reduction in tissue 
ecsinoohilia (Holopaincn et al.. 19321. A previous 
placebo-controlled double-blind trial noted buce- 
sonide was elTective in patients with vasomotor and 



allergic rhinitis, bat *hcr. they v.ere subdsviced re- 
garding nasal eosinophilic cmlcs onide vas only ef- 
fective in those with eosinophilic (RalSc et al.. 19SC). 

4.2.2 Open Studies 

Budesonide has been used in sc\eral long term 
open trials in patients with perennial rhinitis, but 
in one of these (Ballc. 19S2) only adverse reactions 
to treatment were reported in 15 patients treated 
for up to 30 months (sec section 6.2V In a recently 
reported study (Pipkorn and BergJ. S9S3). 12 
patients with vasomotor rhinitis received intra- 
nasal budesonide for I year. Ini'.tai dosage was 400 
*e/«ijy and symptoms were ccnsisicnily rciiceu 
throughout the study period ar.d no symptom re- 
lapse was observed: at the end of the trial 3 patients 
rcdu^d daily doiu^ to J*d -° 

dosage increases were required. A G-momh open 
siudv in 86 patients with perennial rhinitis (m 
i: was classified as allergic) showed that intranasal 
budesonide 200 to 40) jig/day signiiicuntiy reduceu 
severitv of all nasal svmptoms after I and 6 montns 
of thcrapv (Lindqvist et al.. 1932). Similarly, in a 
p-numm open stucv in 106 adults -.villi perennial 
riun tis, intranasal budesonide (200 to 40C ug/day) 
produced a significant decrease in all nasal symp- 
toms (Lindqvist et al- 1983). 
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The conclusions from ali these long term studies 
have been that intranasal budesonide is safe and 
effective in the treatment of perennial rhinitis. 
However, the open nature of these trials and the 
absence of lorn;, term comparative studies (see sec- 
tion 4J) prevent a clear conclusion as to the rela- 
tive efficacy of intranasal budesonide compared 
with other intranasal steroids in perennial rhinitis. 

4.3 tJudcsoride Compared with Other Drugs 

To date, there have been no studies comparing 
budesonide with other drugs in patients with per- 
ennial (aiiergic or non-aikr^ic) rhinitis. However, 
several studies have been reported comparing 
intranasal budesonide with alternative active treat- 
men is in patients with seasonal allergic rhinitis 
(labic IV). In these trials intranasal budesonide was 
found to be as effective as intranasal fiunisolide 
(Pipkorn and Cetcrud, 1934), more effective than 
intranasal sodium cromoglycatc (unpublished trials 
on fne, As;ra) and the oral antihistamine dexchlor 
pheniramine maleale (Munch c: al., 1983), and at 
least as effective as intranasal beclomcihasonc di- 
propionatc (Pipkorn, 1 98 Jb; Pipkorn and Rund- 
crantz, 1982; Saniuclsson, i933). Generally, each 
trial was well-designed (single- or double-blind ran- 
domised comparisons in paraHel groups of patients) 
*i:h a I -wee!: run-in pence followed by 3 weeks* 
active treatment, but little or no information re- 
garding group comparability was presented. 

In 91 patients sensitive to cither birch or ?mss 
Poilcn, budesonide 200/ig twice daiiy was signifi- 
cantly more effective in relic vine nasal symptoms 
lhan hcclomcthasonc dipropionate iOO^g 4 times 
^:!y durirs the months of Mav and June, when 
Poller, counts revealed high levels of birch and grass 
POiien, respectively (Pipkorn and Rundcranlz, 
1^2) [fi?. 101. Hoih in this study and in the more 
"vcent trial of Samuclsson (I9S3) it was concluded 
that differences between budesonide and bcclo- 
■f.cihasonc dipropionatc were more easily detected 
*hcn pollen counts were high. In the only ether 
ferr,p2ttsoa between these 2 agents, bodi seemed 
cuunily effective when administered twice daily, al- 
though the poilcn levels during this tnal were ex- 




Fkj. ia Comparison t etwee n The effects .wanasil tu-.lc- 
scrode [200*0, twica Oarty (3)1 and intranasal lieciome'hasona 
fl i p/ r^u nfmm (lOOug 4 times daily (Q] on '.Me mean symptom 
scores retacwe to Saseiine values, in 9 1 pstienrs with seasonal 
anergic rhinitis. 64 catiems were treated in May (31 with Du- 
aescntdcl and 27 in Juno (15 with tuuu^on"Ju) wl»*:n there were 
brreSs o' birch poScn and grass pollen, rftrpectvety: * s»g* 
mficant orfferenca between treatments (she; Fi'jkcn and fiuftd* 
crantz. 1362V 
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trcmcly low - approximately 15 limes less than ihe 
previous season. 

Pfv!:n levels were critc high when intranasal 
budesonide and imrarj-sal flunisolkie were com- 
pared and both drugs appeared equity efficacious 
(Pipkorn and Geterud, i9S4). Similarly, during a 
4-wcek comparison with intranasal sodium cromo- 
glycate (5.2mg 6 limes daily) birch pollen levels 
were high and intranasal budesonide 2QG>g twice 
daily was significantly better in reducing nasal 
symptoms (unpublished trial on file, Astra). In this 
study there was no r:.;rif:cr.nt difference between 
the 2 treatment groups with respect to :he severity 
of eye symptoms. Pollen counts were not per- 
formed during another comparison between intra- 
r.r.al budesonide (2C?;*g twice d?i!y) and intra- 
nasal sodium cronogiycatc (5.2m? 5 times daily), 
and all symptom scores (including eye symptoms) 
were significantly lower for the budesonide group 
(unpublished trill on file, Astra). Finally, due to 
bad weather, po!!cn counts were extremely low 
when intranasal budesonide was compared with 
oral ccxchlorphcnirarnine and this may explain why 
fcr a number of nasal symptoms only trends in 
favour of the intranasal corticosteroid were ob- 
served and not statistically significant advantages 
(Munch et aL, 1983). These results clearly show the 
need to qualify the severity of allergen exposure 
when comparing drugs in patterns with seasonal 
allergic rhinitis. 

5. Treauneni of Nasal Polyposis 

The therapeutic efficacy of intranasal budeson- 
iJv; (40 j *:j/uuy Mu:nti. iitereu from a a aqueous na- 
sal pump spray in nasal polyposis was compared 
*ith placebo in a doubic-blind parailel group 16- 
wcek study in 19 paticr.is with perennial intrinsic 
nasal symptoms associated with small nasal polyps 
(Holopaincn et aU I9S2). Budesonide was signifi- 
cantly more effective than placebo in reducing total 
symptom scores and increasing nasal peak flow 
fates. In addition, rhinoscopy revealed a distinct 
decrease in nasal congestion, a decrease in polyp 
w*c and a significant reduction in the number of 
polyps, a!i without evidence of drying and crusting, 



for those patients treated with budesonide. While 
such findings are encouraging, since only 10 patients 
received active treatment in this study a larger con- 
trolled study is needed to clearly establish the place 
of budesonide in the treatment of nasal polyposis. 

6. Side Effects 

6.1 Inhaled Budesonide 

In general terms, inhaled budesonide has been 
well-tolerated, with a higji proportion of the pub- 
lished clinical trials to dzlz reporting no advene 
events associated with treatment However, as pre- 
viously emphasised (section 3). the majority of these 
studies in asthmatic patients have been of short 
term design (2 to 4 weeks) with only a small num- 
ber of trials of greater thin 4 weeks duration. Ad- 
ditional longer term clinical expericr.ee is needed 
lo clearly establish the side efiects profiic of in> 
haled budesonide. 

6. 1, i Candidiasis. Dysphoria and Sore Throat 
The most commonly reported adverse eiTects 
associated with the administration of inhaled bu- 
desonide have been oral candidiasis, dysphonia 
(hoarseness) and sore throat, as occurs with olhct- 
inhaled corticosteroids (Grogden, 1985c). The rela- 
tive incidence of oral candidiasis has varied widely, 
with some studies not finding any fungal growth 
(Willcy et at, 1982) nor any increase in growth 
compared with baseline levels when each patient 
was receiving oral steroid therapy (Rcsenhaii ct ai. r 
1982a), while another reported a dose-response re- 
lationship between the total daily dose of budc- 
soniuc innaied wunoui z >p"tccr ana the number 
of Candida colonics counted (Toosood et aJU 
1984a). In this latter study, budesonide inhaled 
without a spacer on a twic- daily basis, instead of 
4 times daily, abolished the effect of increasing the. 
daily dose of budesonic*: on candidiasis and al- 
most eliminated the need for nystatin, but it was 
also associated with a smnii but significant deteri- 
oration of peak expiratory flow rate. The severity 
of dysphonia was also evaluated in this trial and 
was found to be infrequent at the start of the study 
and was unaffected b*- the daily dose or dose frc- 
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qucncy of inhaicd budesonide. An earlier trial of 
comparable design revealed signifies a ;!y less can- 
didiasis when budesonide was inhaicd with a spacer 
(SO or 750ml) compared with a conventional ac- 
tuator, but there were no M^nificani differences in 
the incidence of dysphonia among the 3 inhalers 
(Toogood ct al., 1932c, l$S-!c>. However, the level 
of dy aphonia wn.s minim?! initially. no Irm con- 
clusions should oc drawn \v:;h respect to the effect 
of spacers on its relative incidcr.ee, although 
administration of bccloi;tcthasouc aipropionate 
with a spacer has been :hown to reduce dysphoria 
(Toogood et al.. 1981). The changes observed for 
budesonide were independent of oral prednisone 
usage which has previously been implicated in in- 
creasing the risk of candidiasis when the drug is 
inhaled witl-.out a spacer. 

6,1.2 Systemic Corticosteroid Withdrawal 
Effects 

Of the Inn j term trials published (section 3.2) 
only the studies of Adelroth et al. (I9S-?) and Ro- 
scnhall et al. (19S2a) reported the incidence of ad- 
verse effects associated with high dose inhaled 
budesonide therapy. In the latter trul, 31 pred- 
nisolone^ cpcr.dcn! asthmatics entered the study 
and inhaicd budesonide was gradually substituted 
for the oral steroid. During the i veer of follow- 
up, 11 patients had no adverse effect?. 9 reported 
hoarseness or sore throat at least once (in i case it 
was severe enough to warrant withdrav.-al from the 
trial), 13 developed arthralgia or myalgia, 3 had 
exacerbation of eczema and 1 patient each devel- 
oped pulmonary cosinophilia and sarcoidosis. In a 
continuation of this trial in iS patients wuh chronic 
asthma, inhaled budesonide (200 to loOO pa/day) 
was gradually substituted for orai prednisone and 
a similar level of adverse effects was recorded 
(Adelroth et al., 1934). These side eiTects can ail 
be explained ui terms of a iceai reaction or the di- 
rect result cf oral steroid withdrawal. This is sim- 
ilar to the findings with other inhaled corticoster- 
oids where exacerbation of a previously controlled 
underlying disease has been reported following 
substitution of orai with inhaicd steroid (Brogden, 
19S3c). 



6. 1.3 Adrenal Suppression 

As noted previously (section inhaled descs 
of budesonide (up to 800 tig/day) ere not normal! v 
associated with significant reductions in plasrnj 
Cortisol concentrations, and substitution of inhaled 
budesonide for oral prednisolone has generally re* 
suited in a gradual improvement in plasma Cortisol 
levels. However, in a rreenily reported 6-wecfc trial 
in 23 c!ironic asuunau'es who were poorly con- 
trolled with norma! inhaled doses of bcclomctha- 
sonc di propionate (mean &>i jig/day), high inhaled 
dosages of budesonide (1600 ag/day? or bec!ome- 
thasone dipropionate (1500 /ig/day) were of benefit 
to the majority of patients but they also caused 
some adrenal suppression (Ebden and Da vies, 
1934). This resulted in lower morning plasma cor- . 
lisol level: compared with bareline vzlucs. be; "ci- 
ther corticosteroid had anv significant effect on the 
Cortisol response to tetracosactrin stimulation. To 
date, the stimulatory response to tetracosactrin h?s 
been the most v.id-:'y used test in both adult u;:d 
child asthmatics receiving usual doses of budeson- 
ide. and no abnormal results have been noted ;tec- 
ticn 1.3). Since recovery* of 11 PA function aiicr l-.mg 
term oral corticosteroid therapy ir.zy take up fo a 
year, it is essential to take special care durinz this 
period, if inhnled budesonide is to be substituted, 
so as to enable the patient to cop- with stressful 
situations such as trauma, surgery, severe infec- 
tions or an acute attack of asthma. 

6. 1.4 Laboratory Data and Miscellaneous 
Side Effects 

During a 12-month trial with budesonide lC0«s 
4 times daily only IC patients cf 166 withdrew from 
the trial for drj?-relatcd reasons (unpublished d;-ta 
on file, Astra). The majority of shese were related 
to adverse local reactions and two were due to 
depression. Most laboratory parameters were not 
sign*! tea titiy cbar/jcu dur.ne ioiiow-up aitaeuza al- 
kaline phosphatase was significantly increased, ard 
leucocyte count and serum bilirubin were sli^iiiv 
but significantly "lecreased - these changes were of 
doubtful ciiiiieal relevance. 

An isolated case of severe bronchoconstriction 
induced by a single puff (200/ig) of inhaled bude- 



sonide has I 
lane. 1934). 
hronchocon- 
propcllar.ts, 
ium can or 
Another cas. 
souide in a c 
have been ,v 
behaviour li. 
secondary i 
Cochrane, i. 
niscd. cspeci: 
steroids, and 
appeared v/h 
course of eve 
a live agent a' 
tbrcthicn! 
siblc that the 
provoked ih . 

6.2 fatiTin. 

The most : 
sotiaied v. i;l 
sunide in par 
his have beer, 
throat iiviuut 

In shen 1. 
*ith seaso.-ia: 
ide seemed to 
histamine c*;: 
of the mouth, 
significantly : 
fiunisoudc (I 
similar incic^ 
bcciorr.cthasc; 
i'ipso-!! and 
cromogiycate * 
longer term ir 
the ii:c:u=; 
1*32: Linden 
^riU lW3)a. 
*vrc measure- 
'an*?, in 2 of 
r epor;od were 
In I patient ar. 



512 . Budcsonidc A Preliminary Review 

. 513 



ion 1.3), inhaled doses 
fday) arc not normally 
reductions in plasma 
substitution of inhaled 
>lone has generally re- 
lent in plasma Cortisol 
/ reported 6-weck trial 
ho were poorly con- 
doses of bcclomciha- 
Pg/day) t high inhaled 
• /xg/day) or bcclomc- 
g/day) were of benefit 
but they also caused 
(Ebcfen and Davie?, 
morning plasma cor- 
seline values, but nci- 
jnificam effect on the 
ctrin stimulation. To 
: to tetracosactrin has 
st in both adult and 
lai doses of budeson- 
iavc been noted (scc- 
'A function after long 
py may take up to n 
:cial care during this 
is to be substituted. 
> cope with stresafui 
irgcry, severe in fee- 
ihma. ! 

Miscellaneous 

:h budeson ide 10-rV: 
f 166 withdrew frc::i 
is (unpublished data 
f these were related 
i two were due to 
aramctcrs were not 
How-up although al- 
antly increased, and 
irubin were siiehtlv 
esc changes were of 

)ronchocnn strict ion 
g) of inhaLd budc- 

i 



: sontdc has been reported (McGivern and Macfar- 
lane. 19S4). Challenge tests revealed appreciable 
bronchoconstriction to both budesonide and its 
propellants, but contaminants (from the alumin- 
ium can or rubber valve) may also be implicated. 
Another case report indicated that inhaled bude- 
sonide in a dorc of two 5C,:g pufTs twice daily may 
have been responsible for -n episode of psychotic 
behaviour in a 5^-ycar-oId girl being treated for 
secondary bronchial hyperactivity (Lewis and 
Cochrane. S9S3). Steroid psychosis is well recog- 
nised, cs^cicHy in patients on hirh dose svstcaiic 
steroids, and in this instance (he svmotoms d?s- 
■ appeared when the dosage was halved. The time 
course of events suggests budesonide was the caus- 
ative agent although no rcchcllengc was performed 
: tor ethical and parental reasons and it remain- pos- 
sible that ibe propellants in the inhaler ma/have 
provoked the rcaciion. 

6.2 Intranasal Budesonide 

The most frequently reported adverse cfTcc's as- 
sociated with the intranasal application of bude- 
sonide in natients with allergic or non-allereic riun- 
lUs navc **» 'ocal reactions such as insr. I Mindng 
'hroat irritation, dry nose and nasal bleeding 

la shon tenn comparative studies in patients 
*th seasonal allergic rhinitis, intranasal budeson- 
jcc seemed to cause fewer side eifects than the anti- 

r . „ i.capeciaMvdrvr.ess 

« the mouth, and drowsiness) (Munch et a!., 19831 
significantly less (p < 0 .02) nasal irritation than 
«ani5o :! dc (Pinion, and G«cnid, I9S4), and a 

^ irddcnCC of mi ™ T ^sicn; reactions as 
^.omethasone dipropionatc (Pipkom, 1983b- 
ftpkom and Rundcramz. 1982) and sodium 
,ror,o r !yca;e (unpublished trials on iHc. Astra) In 
'-nser term trials in patients with perennial Ai,. 
■<« Uie incidence of side elTccis has been low (Ballc 

S, qViSl Cl 3l " I932 ' l9S3 * Pi * k <>™ ^d 
^ !9^and those laboratory parameters which 
ut measured all remained within the reference 
rai, ? c - In - <* rtww studies th^ « P i v .dv— c f-.-.. 
sported were a transient skin rash aroundThe ro~ 
I Wicpi and nasal bleeding in 4 patients (Bad** 



1952; Rpkom and Bergc, I9S3). In all 4 studies, 
acrenal function remained normal as assessed by 
besai plasma Cortisol concentrations and their re- 
sponse to tetraco5?ctrin stimulation. In a 4-ino.uh 
placcbtxoniroiled double-blind trial in 19 patients 
with nasal polyposis, intranasal budesonide pro- 
duced a low incidcr.ee of mild transient side ePfects 
v.::h no evidence of mucosal drying or crusting 
(Kolopainen el ai., 19S2). 

7. Dosage and Administratis 
7.1 Asthma 

The recommended inhaled dosr?^ cf budeson- 
ide for the treatment of bronchial asthma in adults 
;s individual. Initially it is normally 400 to 1600 
*g/day divided into 2 or 4 administrations. Tlv 
maintenance dose is also individual aim should he 
the lowest dose which leaves the patient symptom 
free. In adults this is usually achieved with a dose 
of 2QX) to 400pg twice daily. In children with asthma 
the recommended regimen is 200 to 400 ^/-Jav. 
divided inic 2 or 4 administrations. There is evi- 
dence that a twice daity regimen may be less ef- 
fective than 4 times daily administration when 
asthma is poorly controlled. As for all ?crosoiised 
corticosteroids is import-:;: thru the r:::ie:n u^s 
the inhaler correctly, since failure to respond has 
been correlated with poor technique (Newman, 
19S3). Inhalation through a snnecr mny nro*'e :o 
be clinically useful for a proportion cf patients by 
augmenting the airways response and reducing the 
severity of candidiasis for any particular dose of 
budcscR-.dc. Special care should be ot served in 
patients with pulmonary tuberculosis, fungal and 
viral infections of the airways, those transferring 
from systemic steroids, and in pregnancy. 

7.2 Rhinitis 

In the treatment of seasonal and perennial ai- 
!erg:c rhrnias and vasomotor initials the recom- 
mended bttdesonide dosage is 2 application** ir.tc 
tacr. nosaii morning and evening from a mctcrcd- 
dose aerosol delivering 50*ig per actuation (400 w >/ 
d*^y). When a geed response has been achieved the 
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dosage may bo reduced to one application into each 
nostril morning and evening (200 ps/day). Results 
from continuous long term trials in children are 
currently not available. As with other corticoster- 
oids the full effect of budesonide may not be no- 
'parent for a number of days and it is important 
;;;?:t the patient understands that the treatment is 
not intended for rcpid relief and thr.t it must be 
used rrr,ular!y. 

5. IV; J Placs ofDz&Jonldj :*i Therapy 

The results from studies conducted to date in- 
dicate that budesonide is an effective topical cor- 
ticosteroid for the clinical management of asthma 
and rhinitis. However, as would be expected at this 
stn^.e in its development, the cx'.sr.t of published 
therapeutic experience is limited, especially when 
compared with that of bcclomethasonc dipropion- 
atc - the most widely studied topical agent in these 
conditions. 

In short term comparisons between usual doses 
of inhaled budesonide and inhaled occiomctha- 
sone d;;irop:oniiic, no significant uiffercnecs be- 
tween the 2 treatments have been documented in 
adults with asthma cf varying degrees of severity. 
Similarly, in most trials in children with asthma 
thete 2 corticosteroids have been showa to be cf 
similar efficacy, although in a short tcr;:i study of 
21 asthmatic children budesonide (inhaled with a 
spacer) was found to produce significant ; mprove- 
ments in lung function compared with ci;uai doses 
of bcclomsthasonc diprcpiomte (inhal-.d with a 
standard actuator). Comparative trials \u the high 
dose area are still required to clarify the effects cf 
inhaled budesonide and inhaled fceclcncthnsonc 
di propionate in patients with severe asthma, in 
patients with seasonal rhinitis intranasal budeson- 
ide has been shown to be as effective as intranasal 
fli:i;; 5 .;-'.i-. r .o a.id iniivawsu ivcion^ihn;xr.e uioro- 
pioiutc and more effective than intranasal sodium 
cromo^ycate. Short icnn trials in paiicnts with 
perenni;:! rhinitis (with or without an alienee com- 
ponent) indicate that cudesonide is superior to pla- 
cebo* in relieving nasal symptoms, and long term 
benefit has been consistently shown in the longer 



term published triak In z sir*!e study cf 1 9 patients 
with nasal polyposis, intranasal budesonide was 
signiucandy better man placebo in reducing the size 
and number of polyps and in relieving nasal symp- 
toms. 

Thus, budesonide appears to offer a safe and 
effective alternative in condition where an inhaled 
cr intranasal corticosteroid r.vdiczied. Llc-vc-cr, 
its relaiive efficacy asd lolerability ccmpured wiiU 
other corticosteroids needs further clarification in 
lougsr term studies. 
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